19 0£¢ 1947

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

WARTIME REPORT

ORIGINALLY ISSUED
March 1944 as
Restricted Bulletin L4C28
PRELIMINARY TANK EXPERIMENTS WITH A HYDROFOIL
ON A PLANING-TAII, SEAPLANE HULL
By Kenneth L. Wadlin

Langley Memorial Aeronautical Laboratory
Langiey Field, Va.

WASHINGTON b

NACA WARTIME REPORTS are reprints of papersoriginally issued to provide rapid distribution of
advance research results to an authorized group requiring them for the war effort. They were pre-
viously held under a security status but are now unclassified. Some of these reports were not tech-
nically edited. All have been reproduced without change in order to expedite general distribution.

L - 1725



3 1176 01365 5668

NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESTRICTED BULLZTIN No. 1L,C28

PRELIMINARY TANK ' EXPERTMENTS WITH A HYDROFOIL
. ON A PLANING-TATL SEAPLANE HULL
By Kenneth L. Wadlin

INTRODUCTION.

The afterbody of a conventional flylng-boat hull
performs several functlons. It serves as a falring
for the forebody and provides space 1n whlch uaseful
loaed can be carrled. The most lmportant functlons
of the afterbody, however, probsbly are the provision
of buoyancy and trim control at low sp:eds and the
provision of a planing surface that, at speeds in the
region of the hump snesd, dynamlcally carrlies load
and controls trim. :

In reference 1 an unconventlonal aftsrbody
called a "planing tail" was proposed. It appeared
that a hull with this type of afterbody in conjunc-
tion with a forebody having a polinted trailing edge
could be made to perform the functions of a con-
ventional flylng-boat hull and give some improvements
in hydrodynamic resistance and stabllity charescter-
isties., The further posslblllty of elimxinating the
chines on an afterbody of the planing-tall type by
edding a hydrofoll -to furnish. hydrodynamlic 1lift was
suggested in reference 1. Some exploratory tests
were made to determine the feaslbility of using a
hydrofoll in thls manner and the results of these
teats are presented hereln. The tests were made
in NACA tank no. 2 during July 19L43.

PROCEDURE -

Because the tests were exploratory 1ln naturs,
a slirple model, representativé of the genersgl ar-
rangemeht deslred, was consldered as sultable as
one that would more nearly approach a finlshed
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flying-boat hull. The model tested was constructed
from NACA model 35-A (reference 2) with a hydrofoil
mounted on a cylindrical boom replacing the original
afterbody.

The arrangements that were tested were desig-
nated the NACA 160G series with suffixes one through
five added to indlcate changes made in the step depth
and hydrofoll location as shown in filgure 1. The
table in thls flgure indicates the changes and the
order in wvhich they were made.

rreeo-to-trim tqats were made in which resistance
and trim were measured in accordance with standard
practice at the NACA tanks.

A1l the tests were made at constant speeds.
The loed on the modsl was avnplled by means of dead
welghts 1n accordance Nith the loading curve given
in figure 2.

The data from the tests were reducsed to the

usual nondimenesional coefflcients. t.nse coef-
ficlents sre deflned as follows:
CA load coefficient ( A >
3
: wh
C reslstance coefflclent (?Ei)
R
wh
Cv dpeed cbefficiept (JL)
VED
wherse
A load on water, pounds
R water reslstance; pounds
v speed, feet per second

€

specific welght of water, pounds wer cublc
foot {63.0 1b/cu ft for conditions of
these tests)
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b maximurh beam of hull, feet
g "'f&béeiefatfoﬁ of ‘gravity, feet per sécond per

‘second

~

RESULTS AND DISCUSSION

: The series of free-to-trim reslstance and trim
curves shown in.figure 2 were obtalned by starting
with model 160G-1 and varying the step depth and
hydrofoll location. -

Previoua tests had shown that under epproxl-
mately the same: 1oading conditlions the best trim of
the forebody of model 35-A was about 7° in the
region of the hump speed and about 6° at the higher
speeds. . A configuratlon that would be free to
trim at approximately 7° throughout the speed range
would therefore most probably be opsrating very
near lts best trim.

The trim curve (figz. 2) for the configuration
wlth the deon step and the aftermost location of
the hydrofoll (model 160G-1) shows that the trims
inothe region of the hump speed were approximately

2% above the best trim for the forebody. A change

in the depth of step from 12 1lnches to 9 inches
(model 160¢-2) changed the trim to aspproximately 7°
in the reglion of the hump speed, and some decrease
In hump resistance was obtalned. The trim and
resistance 1n the speed range Just beyond the

hump speed were also reduced considerably. Yoving
the hydrofoil from 33 inches to 28 inches aft of

the step (model 160G-3) slightly incréased the trims
in the speed renge just beyond the hump with no
eppreciable change 1n resistance. This change in
location of the hydrofoll, however, did not appreci-
ably affect trim and resistance 1n the region of the
hump speed.

In general, hydrofoils ars unstable when they
rise clogse to the surface of the water and tend to
osclllate in and out of the water. This type of
instability was present with models 160G-2 and 160G-3
in the intermedlate speed range-when the hydrofoll
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started to clear the water. Even 1f this lnstablility
woere not severe in itself, 1t would possibly excite
porpolsing. This Instabllity of the hydrofoll was
eliminated by moving the hydrofoll from L inches to
3 inches below the bottom of the tall (model 160G-L).
This change allowed the hydrofoll to clear the water
at approximately the same speed as before. In this
conflguration, however, the afterbody was apparently
carryling a greater load at the time the hydrofoil
cleared and the necessary stabllizing force was thus
provided by the afterbody.

This change in- hydrofoll locatlon also produced
en additional increase In -trim in the speed range .
Just beyond the region of the hump speed, with no ap-
preclable change in resistances. '

- When the hydrofoll was removed (model 160G-5),
the resistance was only slightly changad but the
trims were considerably higher in the reglon of the
hump speed becauss of the loss of the negative trim-
ming moment supplied by the hydrofell.

The resistances of models 160G-L and 160G-5 are
compared In filgure 3 with the minimum resistance
(at the same gross-load coefficient) of a conven-
tional flying-boat hull (hull .A) that is representa-
tive of current deslgn. The resistances of these
models are somewhat higher than the reslstance of
hull A. '

In the reglon of the hump speed, the dilifferences
between the trims for the configurations with and
without the hydrofoll indicate that the hydrofoll
produced considerable 1lift in this speed range. The
change in trim produced by thls 1lift undoubtedly
effected the observed improvement in resistance.

The same change in trim at the hump speed could be
obtained by moving the center of gravity forward on
the configuration without the hydrofoil (model 160G-5).
This change in center-of-gravity location would give
a lower and more desirable trim at rest and would
cause the model to operate more nearly at the best
trim for the forebody at all speeds except the very
highest. The resistance characteristics in this
cese would probably be at least as good as those for
the model tested with the best locatlion of the
hydrofoll (model 160GrL). It is therefore possible
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that an afterbody bf very small cross section and

having no chlnes ecould of itself supply sufficient
dynamic 11ft to be successfully used on & flying-

bdéat hull.

The spray &t the stern of model-16OG—h tended
to envelop the cylindrical afterbody but was never
more than two-thirds of a beam above' thie bottom of
the afterbody. Near the hump. speed, the stern of
the afterbody of model 160G-5 was actually enveloped
by water with the spray reaching a Height of two
beams above the bottom of the afterbody. This
spray was evidently due to the increased load
carrised by the boom and probably would be reduced
by moving the center of gravlity forward.

None of the mordels tested gave any lndication
of directional instabllity in any portion of the
speed range.

CONCLUSIONS

Tests with a hydrofoll on a planlng-tall sea-
nlane hull were made 1in NACA tank no. 2. The
results of these tests indicated the following con-
clusions:

1. Tt 1s possible that an afterbody of very
small cross section and having no chines could of
itself suoply sufficlent dynamlic 1ift to be suc-
cessfully used on a flying-boat hull.

2. A single hydrofoll can be added to an
afterbody of this type in such a manner that 1t
will provide addltional hydrodynamlic 1ift without
introducing instabllity. Although this additional
11ft would slightly reduce the load bn:-the ‘after-
body boom and, consequently, would reduce the
height of the soray around the tall, it 1s doubtful
that these beneflts would be sufficlent to warrant
the use of a hydrofoll in such a manner.

Langley Memorlial Aeronautical Laboratory,
NFatlionael Advisory Committee for Aeronautics,
Langlsy Fleld, Va.
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Figqure I.-Lines of NACA model 160G series.
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Figure 2.- Effect of varying step height and hydrofoil location
on free-to-trim resistance and trim.
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Comparison of resistance characteristics of NACA
models 160G-4 and 160G-5 with resistance characteristics of
a conventional flying-boat iiull.
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